SUMMARY: Vero cells were persistently infected with measles virus in medium with antimeasles serum. When antiserum was not added to the medium , the per sistently infected cells (VMAS cells) proliferated in a cyclical manner alternating between extensive cell destruction and renewed cell growth . When these cells were grown at 33 C and 40 C, they released temperature-sensitive and temperaturedependent viruses. However, these viruses , upon further propagation, reverted to the wild type suggesting that such temperature-relatd functions were phenotypically determined and regulated by host-cell factors . The spontaneous viral yield was de pendent upon the active cell growth.
INTRODUCTION

Measles
virus readily establishes persistent infection in wide varieties of cell types in humans and animals. The mechanism by which viral and cellular functions control such infection is not well understood . Previous studies (Rima and Martin, 1976) have shown that in infected cells , temperature-sensitive viral variants are selected out which facilitate the establishment and maintenance of persistent infection. However, it is not known how such viral variants are generated. Here, we report the establishment of measles persistent infection in Vero cells and the analysis of temperature-sensitive and temperature-dependent viruses recovered from these cells.
MATERIALS AND METHODS
Cells and virus: African green monkey kidney (Vero) cells , human epithelial carcinoma (HEp-2) cells and the Edmonston strain of measles virus were obtained from American Type Culture Collections (ATCC), Rockeville , MD. The cells were grown as stock culture in Dulbecco's medium with 10% calf serum in a humidified 6% CO2 incubator at 37 C. Virus was plaque purified as follows: confluent culture of Vero cells was infected with measles virus at different dilutions at 33 C. After 60 min of adsorption, 0.9% agar in medium containing 5% calf serum was overlaid on the monolayer. They were incubated for 5 days at 33 C. Then 0.9% agar in medium containing neutral red (0 .1%) was added 
Co-cultivation
The method has been described earlier. The persistently infected cells (VMAS-2 cells) (105) were mixed with Vero or HEp-2 cells (105) in 1 ml of Trisbuffered saline. The mixed cells were chilled for 10 min in ice, incubated for 20 min at 37 C in a water bath and then cultured in medium with 5% calf serum. After 5 days of incubation at 33 C, virions were recovered and plagued (Prasad, Zouzias and Basilico, 1976 They were fractionated from the bottom of the tubes. The radioactivity counts present in trichloroacetic acid-precipitable materials were determined .
RESULTS
Establishment of Persistent Infection
A monolayer of Vero cells was infected with measles virus at a multiplicity of infection of 5 PFU/cell and incubated at 33 C. After 24 hr, the old medium was removed and fresh medium containing antimeasles serum made in guinea pigs (Microbiological Associates, Bethesda, MD, complement fixation titer 1:128) at a final dilution of 1:100 was added and the cells were further incubated. In 4 days, numerous multinucleated giant cells were seen with extensive cell lysis. Very few cells survived and remained firmly attached. Medium with antiserum was changed regularly every 3 to 4 days. Slowly, some cells divided and, after about 4 weeks, they formed a confluent monolayer. The cells (VMAS) were then passaged at the ratio of 1:5 in medium with antimeasles serum in 60-mm dishes. The cells grew to confluency within a week. At the 5th passage, the VMAS cells were cloned in medium with antimeasles serum at a final concentration of 1:50. The antiserum was tested earlier and had prevented the wildtype virus from infecting the fresh Vero cells. The reason for using antiserum was to allow the clones to grow without being infected with virions released in medium from neighboring cells and to prevent cytopathic effects. At random, five well-separated clones were isolated and subcultured (VMAS 1 to 5). Cells of each clone grew in a similar manner as did the parental VMAS cells in medium with or without antiserum. Clone 2 (VMAS-2) was selected for further studies and maintained as stock. At the 32nd passage, the concentration of antiserum was reduced to 1:200 (final) in culture medium. Thus far, clone 2 has been subcultured 62 times.
In the 5th passage, part of the VMAS cells were seeded into medium without antiserum. The cells attached and grew slowly. However, many of them formed multinucleated giant cells and died. When the cells were detached by trypsin and versene and further seeded into fresh culture medium, very few cells attached and they grew slowly (6th passage). There appeared to be a continuous process of formation of giant cells and growth of new cells. Upon regular medium change, the cells grew in 10 to 12 days and reached confluency. When these cells were subcultured at a split ratio of 1:5 (7th passage), they grew well and, in a week, reached confluency. In the 8th passage, the cells again showed extensive lysis. In this way, VMAS cells proliferated in a cyclical manner alternating between cell lysis and renewed cell growth in medium without antimeasles serum (passages 10, 40 and 50). When antiserum was added to any of the subcultures, the cells regained the ability to proliferate well without undergoing cell lysis. D-resistant viral RNAs was also analyzed in VMAS-2 cells grown at 33 C and 40 C. Results are shown in Fig. 1 . There was no major difference in the species of RNAs produced at these two temperatures. Very small peaks of 50S RNAs were observed in both of these preparations. It is possible that the synthesis of viral RNAs was inefficient in these cells and it was also suppressed to a certain extent by the actinomycin D . The amount of subgenomic RNAs, 34.285, 20-125, and 4S, produced by the cells grown at 33 C was a little higher than the RNAs, 36-285, 20-l OS, and 4S, detected in the cells grown at 40 C. The sedimentation coefficient values of these RNAs are in close approximation to those reported for wild type measles virus (Carter, Schluederberg and Black, 1973; Hall and terMeulen, 1977) .
Characterization of Virus Recovered from VMAS-2 Cells
The virions recovered from the VMAS-2 cells grown at 33 C and 40 C were characterized. VMAS-2 cells were grown confluent at 33 C and the spontaneously released virus was obtained. These cells were also co-cultured with HEp-2 cells for 5 days at low temperature and were then extracted. The reason for using HEp-2 cells was that if virus was modified in any manner during the establishment of chronic infection and lost its infectivity in Vero cells, the same virus could grow in other host cells, such as HEp-2 cells (Minagawa, 1971) . Both viral isolates were assayed on Vero and HEp-2 cells at 33 C and 40 C. They formed plaques only at low temperature with a similar plating efficiency (Table I) . Although the yield of the rescued virus was a little higher than it was for spontaneously released virus, both of them were temperature-sensitive.
To determine whether the temperature-sensitive property of such virus was stable, 20 plaques of approximately the same size of co-cultured virus were isolated and suspended in 1 ml of medium containing 5% calf serum. HEp-2 cells were infected with 0.1 ml of each of these viral suspensions and incubated at 33 C. In about 4 days, the cells were lysed and then extracted. Five of them were
plagued and the rest were tested for their cytopathic effects on HEp-2 cells at 33 C and 40 C. All five of them formed similar numbers of plaques at both temperatures (33 C and 40 C) (Table II) . Moreover, the rest 15 also formed extensive syncytia at these two temperatures. The results showed that although temperature-sensitive virus was recovered from VMAS-2 cells grown at 33 C, such property was unstable and readily reverted to the wild type. Similar experiments were also done to determine the characteristics of the virus recovered from the VMAS-2 cells which were shifted from 33 C and grown for 4 weeks at 40 C. The virions released spontaneously from the VMAS-2 (40 C) cells were assayed at low and high temperatures. They formed 120-fold higher plaques at 40 C than at 33 C ( Table I ), suggesting that the virus released at high temperature was temperature dependent. Twenty plaques were isolated, suspended in medium and then further grown in HEp-2 cells at 33 C. Five of them were plagued and the rest were tested for their cytopathic effects on HEp-2 cells at 33 C and 40 C. Virus from all five preparations formed similar numbers of plaques and that from other preparations caused cytopathic effects at these two temperatures. It showed that the temperature-dependent property of the virus was unstable and reverted back to grow at both of these temperatures. When the VMAS-2 cells grown at 40 C were co-cultured with HEp-2 cells and then incubated at 33 C, the virus recovered from these cells formed similar numbers of plaques at both high and low temperatures. This also showed that virus did not contain stable temperature-dependent functions. 
DISCUSSION
In an attempt to study the virus-host interactions, we established a carrierstate infection in Vero cells with measles virus in medium with antimeasles serum at 33 C. These cells, upon subculture under the same conditions, grew well and occasionally formed very small syncytia. However, when the antiserum was not added to the medium, about 60% of the cells formed extensive syncytia and died. The cells which survived grew slowly. Again, upon addition of the antiserum, they regenerated and grew well. It is not clear why the antibodies prevented the cells from lytic infection and maintained normal growth. It is possible that antibodies formed complexes with the antigens on the surface of the infected cells and then such complexes came off. As a result, the cells survived with redistribution of viral antigens (Joseph and Oldstone, 1974) . Alternatively, the antibody and antigen reactions caused the migration of nucleocapsids from cytoplasm to nucleus and prevented the cytopathic effects. When the antibodies were not added, nucleocapsids again accumulated in the cytoplasm and killed the cells (Nakai, Shand and Howatson, 1969) . The cells which survived in medium without antiserum grew slowly in a cyclical manner alternating between extensive cell destraction and renewed cell growth. The number of the cells which showed viral antigens also fluctuated (17 to 90%). There could be more than one factor that determined the fluctuation in the growth of the VMAS-2 cells. Here, it is suggested that the VMAS-2 cells produced, in addition to the non-defective, some defective interfering particles (DI). The DI particles are known to inhibit the growth of non-defective viral RNAs and retard the lytic infection (Huang, 1973) . It is possible that the formation and accumulation of DI particles varied as the medium was changed and the cells proliferated. As a result, the growth of the VMAS-2 cells fluctuated from lytic infection to chronic infection.
The involvement of temperature-sensitive viral variants in the development of chronic infection has been reported previously (Preble and Youngner, 1973) . The virus recovered from the VMAS-2 cells cultured at 33 C grew only at low temperature suggesting that it was temperature sensitive. When the virus was further propagated in HEp-2 cells, it lost its temperature-sensitive property and grew well at both of these temperatures. Similarly, the virus that was produced spontaneously by the VMAS-2 cells grown at 40 C plaqued with higher plating efficiency at high temperature suggesting that it was temperature dependent. However, upon further propagation, it again reverted to the wild type and grew well at both high and low temperatures. These results showed that the temperature-sensitive and temperature-dependent functions that virus acquired in chronically infected cells grown at 33 C and 40 C were phenotypically determined, not due to stable gene mutation presumably regulated by host-cell factors.
The carrier culture produced infectious virus spontaneously and the yield depended upon the continued cell growth. It showed that the synthesis and release of infectious virus are controlled by the active cell functions. Further experiments are under way to analyze the effect of host DNA synthesis on the growth of measles virus.
